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(57) ABSTRACT

According to one embodiment, a semiconductor structure
including an integrated native device without a halo
implanted channel region comprises an arrangement of semi-
conductor devices formed over a common substrate, the
arrangement includes native devices disposed substantially
perpendicular to non-native devices, wherein each of the
native and non-native devices includes a respective channel
region. The arrangement is configured to prevent formation of
halo implants in the native device channel regions during halo
implantation of the non-native device channel regions. In one
embodiment, the disclosed native devices comprise native
transistors capable of avoiding threshold voltage roll-up for
channel lengths less than approximately 0.5 um.

16 Claims, 6 Drawing Sheets
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Form perpendicular native and
non-native gate arrangements over
a substrate in respective native and
non-native device regions

270

Form a mask including implant openings

adjacent each side of the respective gate
arrangements in the native and non-native
device regions

272

Expose the native and non-native device
regions to impurities directed perpendicular
to the non-native gate arrangements, to
form halo regions in the non-native devices

274

Expose the native and non-native device
regions to impurities to form source/drain
regions in the respective native and non-
native device regions

276

200
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Fig. 3B
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1
INTEGRATED NATIVE DEVICE WITHOUT A
HALO IMPLANTED CHANNEL REGION AND
METHOD FOR ITS FABRICATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to the field of semi-
conductors. More particularly, the invention relates to the
fabrication of native semiconductor devices.

2. Background Art

A native semiconductor device, or simply “native device,”
is a transistor ideally having a threshold voltage near zero
volts. It can be desirable to provide native semiconductor
devices along with non-native semiconductor devices. A non-
native device can include halo implants in a channel region of
the device. As channel lengths become smaller, the halo
implants in the non-native device become more crucial, for
example, to reduce short channel effects. A conventional
native device can also include halo implants in a channel
region of the device. At large channel lengths, halo implants
can have little impact on the threshold voltage of the native
device. However, as channel lengths become smaller, halo
implants can undesirably cause roll-up of threshold voltage in
the native device.

It is also desirable to integrate manufacturing processes of
native and non-native devices. Conventional manufacturing
processes can provide for native devices formed along with
non-native devices, where both native and non-native devices
include halo implanted channel regions. It is very desirable to
provide native devices without halo implanted channel
regions to prevent threshold voltage roll-up as channel
lengths become smaller. However, the constraint that halo
implants not be formed in native devices can adversely affect
integration of manufacturing processes for native and non-
native devices, for example, by requiring additional process
steps and thereby increasing manufacturing cost and time.

Thus, there is a need in the art for a solution enabling
integrated fabrication of native devices and non-native
devices for short channel lengths.

SUMMARY OF THE INVENTION

An integrated native device without a halo implanted chan-
nel region and method for its fabrication, substantially as
shown in and/or described in connection with at least one of
the figures, as set forth more completely in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of exemplary inte-
grated native and non-native devices, in accordance with one
embodiment of the present invention.

FIG. 2 shows a flowchart showing the steps taken to imple-
ment one embodiment of the present invention.

FIG. 3A shows a cross-sectional view, which includes a
portion of a wafer processed according to an embodiment of
the invention, corresponding to an initial step in the flowchart
in FIG. 2.

FIG. 3B shows a cross-sectional view, which includes a
portion of a wafer processed according to an embodiment of
the invention, corresponding to an intermediate step in the
flowchart in FIG. 2.

FIG. 3C shows a cross-sectional view, which includes a
portion of a wafer processed according to an embodiment of
the invention, corresponding to an intermediate step in the
flowchart in FIG. 2.
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FIG. 3D shows a cross-sectional view, which includes a
portion of a wafer processed according to an embodiment of
the invention, corresponding to a final step in the flowchart in
FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to an integrated native
device without a halo implanted channel region and method
forits fabrication. The following description contains specific
information pertaining to the implementation of the present
invention. One skilled in the art will recognize that the present
invention may be implemented in a manner different from
that specifically discussed in the present application. More-
over, some of the specific details of the invention are not
discussed in order to not obscure the invention. The specific
details not described in the present application are within the
knowledge of a person of ordinary skill in the art.

The drawings in the present application and their accom-
panying detailed description are directed to merely exem-
plary embodiments of the invention. To maintain brevity,
other embodiments of the invention which use the principles
of the present invention are not specifically described in the
present application and are not specifically illustrated by the
present drawings.

FIG. 1 shows a cross-sectional view of exemplary inte-
grated native and non-native devices, in accordance with one
embodiment of the present invention. In FIG. 1, structure 100
includes native device 160 integrated with non-native device
162. Native device 160, which can also be called native tran-
sistor 160, is situated in native device region 104 of structure
100 and can comprise a logic core transistor, for example.
Native device 160 includes substrate 101, which comprises a
semiconductor substrate, for example, a P-type semiconduc-
tor substrate. As shown in FIG. 1, channel region 148 of native
device 160 is disposed in substrate 101 and has a channel
length between source/drain regions 152. In one embodi-
ment, source/drain regions 152 can comprise lightly doped
drain-source (LDD) regions in substrate 101, and can have
N-type conductivity.

Native device 160 also includes insulative region 116, con-
ductive region 120, and sidewall spacers 124. Insulative
region 116 is disposed over channel region 148 and conduc-
tive region 120 is disposed over insulative region 116. In
native device 160, sidewall spacers 124 are disposed on
respective sidewalls of conductive region 120.

Also in FIG. 1, non-native device 162, which can also be
called non-native transistor 162, is situated in non-native
device region 106 of structure 100, which is separated from
native device region 104 by intervening region 108. Non-
native device 162 is disposed perpendicular to (or substan-
tially perpendicular to) native device 160 and includes sub-
strate 101 and well region 110. In one embodiment, well
region 110 can comprise a doped P-well formed in substrate
101. Furthermore, well region 110 can be more heavily doped
than substrate 101. As shown in FIG. 1, channel region 146 of
non-native device 162 is disposed in well region 110 and has
a channel length between source/drain regions 154. In one
embodiment, source/drain regions 154 can comprise LDD
regions regions formed in well region 110, and can have
N-type conductivity. Non-native device 162 also includes
halo regions 142 and 144 formed in well region 110 and
channel region 146, which can comprise doped P regions and
can be more heavily doped than well region 110 and substrate
101.

Further shown in FIG. 1, non-native device 162 includes
insulative region 118, conductive region 122, and sidewall
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spacers 126. Insulative region 118 is disposed over channel
region 146 and conductive region 122 is disposed over insu-
lative region 118. In non-native device 162, sidewall spacers
126 are disposed on respective sidewalls of conductive region
122.

It will be appreciated that structure 100 includes additional
elements, for example, elements of native device 160 and
non-native device 162, not shown in FIG. 1 for clarity. Fur-
thermore, structure 100 can include a number of native
devices 160 each formed perpendicular to (or substantially
perpendicular to) a number of non-native devices 162. Other
features and advantages of structure 100 will be set forth with
reference to the method of FIG. 2 and related FIGS. 3A-3D.

Referring to FIG. 2, FIG. 2 shows flowchart 200 describing
a method for fabricating an integrated native device without a
halo implanted channel region, according to one embodiment
of the present invention. Certain details and features have
been left out of flowchart 200 that are apparent to a person of
ordinary skill in the art. For example, a step may consist of
one or more substeps or may involve specialized equipment
or materials, as known in the art. Steps 270 through 276
indicated in flowchart 200 are sufficient to describe one
embodiment of the present invention, however, other embodi-
ments of the invention may utilize steps different from those
shown in flowchart 200. It is noted that the processing steps
shown in flowchart 200 are performed on a portion of pro-
cessed wafer, which, prior to step 270, includes, among other
things, a substrate with native and non-native device regions,
and a well region, such as a P-well region, in the non-native
device region. The processed wafer may also be referred to
simply as a wafer or a semiconductor die or simply adie in the
present application.

Moreover, structures 370 through 376 in FIGS. 3A through
3D show the result of performing steps 270 through 276 of
flowchart 200, respectively. For example, structure 370 shows
a semiconductor structure after processing step 270, structure
372 shows structure 370 after the processing of step 272,
structure 374 shows structure 372 after the processing of step
274, and so forth.

Referring now to step 270 of FIG. 2 and FIG. 3 A, step 270
of flowchart 200 comprises forming perpendicular native and
non-native gate arrangements over a substrate in respective
native and non-native device regions. Structure 370 of FIG.
3A shows a cross-sectional view of a structure including a
substrate, after completion of step 270 of flowchart 200 in
FIG. 2. In structure 370, the front side surface of the wafer is
indicated by arrow 302. Structure 370 includes substrate 301,
respective native and non-native device regions 304 and 306,
intervening region 308, well region 310, insulative regions
316 and 318, conductive regions 320 and 322, and sidewall
spacers 324 and 326, which correspond respectively to sub-
strate 101, native and non-native device regions 104 and 106,
intervening region 108, well region 110, insulative regions
116 and 118, conductive regions 120 and 122, and sidewall
spacers 124 and 126, in FIG. 1.

Further shown in FIG. 3A, native and non-native device
regions 304 and 306 include respective native and non-native
gate arrangements 312 and 314. In structure 370, native and
non-native gate arrangements 312 and 314 include respective
insulative regions 316 and 318, conductive regions 320 and
322, and sidewall spacers 324 and 326.

In structure 370, native device arrangement 312 is formed
perpendicular to non-native device region 314. That is, native
device arrangement 312 can extend laterally along an X-axis
and non-native gate arrangement 314 can extend laterally
along a Z-axis perpendicular to the X-axis, where X and
Z-axes correspond to respective X and Z-axes in a Cartesian
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coordinate system. FIG. 3A also shows a Y-axis, which cor-
responds to a Y-axis in a Cartesian coordinate system. The
relative orientation of native device arrangement 312 and
non-native device region 314 is further shown in FIG. 3B. For
example, FIG. 3B shows line 3A-3A, which can correspond
to a cross-sectional view of native and non-native device
regions in structure 370 in FI1G. 3A.

Referring now to step 272 in FIG. 2 and structure 372 in
FIG. 3B, at step 272 of flowchart 200, mask 328 is formed
over front side surface 302. As shown in FIG. 3B, mask 328 is
disposed in native and non-native device regions 304 and 306
and includes openings 330, 332, 334, and 336. In structure
372, openings 330 and 332 are disposed adjacent respective
sides of conductive material 320 in native device region 304,
and expose substrate 301. Also in structure 372, openings 334
and 336 are disposed adjacent respective sides of conductive
material 322 innon-native device region 306, and expose well
region 310. In one embodiment openings 330, 332, 334, and
336 can comprise openings for source/drain implants, which
can form source/drain regions for native and non-native
devices. Thus, mask 328 can comprise openings to form
source/drain regions in both native and non-native device
regions 304 and 306 in a shared implantation step. Openings
334 and 336 can also comprise openings for halo implants in
non-native device region 306. Thus, in one embodiment,
mask 328 can comprise openings to form both source/drain
regions in native and non-native device regions 304 and 306
and halo regions in non-native device region 306. The result
of step 272 of flowchart 200 is illustrated by structure 372 in
FIG. 3B.

Referring to step 274 in FIG. 2 and structure 374 in FIG.
3C, at step 274 of flowchart 200, native and non-native device
regions 304 and 306 are exposed to impurities directed per-
pendicular to non-native gate arrangement 314 to form halo
regions in non-native device region 306. For example, impu-
rities can be directed along heading 338 through opening 334
and along heading 340 through opening 336 of mask 328 to
formrespective halo regions 342 and 344 in non-native device
region 306, which can correspond to respective halo regions
142 and 144 in FIG. 1. As shown in FIG. 3C, heading 338
comprises component X1 along X-axis and component Y1
along Y-axis and heading 340 comprises component X2 along
X-axis and component Y2 along Y-axis, such that, headings
338 and 340 are perpendicular to non-native gate arrange-
ment 314. As such, halo regions 342 and 344 can be formed in
well region 310 and in channel region 346 under non-native
gate arrangement 314 in non-native device region 306. It is
noted that channel region 346 under non-native gate arrange-
ment 314 and channel region 348 under native device gate
arrangement 312, in FIG. 3C, correspond respectively to
channel regions 146 and 148, in FIG. 1.

As further shown in FIG. 3C, halo regions are notably not
formed in channel region 348 under gate arrangement 312 in
native device region 304. More particularly, impurities
directed along headings 338 and 340 are blocked from chan-
nel region 348. For example, headings 338 and 340 are per-
pendicular to non-native gate arrangement 314, such that,
native gate arrangement 312 can block impurities from chan-
nel region 348 under native gate arrangement 312. Conse-
quently, despite implantation regions 342/344 being formed
adjacent to native gate arrangement 312 as a result of halo
implant formation in non-native device region 306, halo
implantation under native gate arrangement 312 is avoided in
native device region 304. Thus, in one embodiment, halo
regions can be formed in non-native device region 306
through openings 334 and 336 of mask 328, while native
device region 304 is substantially without halo regions under
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native arrangement 312. The result of step 274 of flowchart
200 is illustrated by structure 374 in FIG. 3C.

Referring now to step 276 in FIG. 2 and structure 376 in
FIG. 3D, at step 276 of flowchart 200, respective native and
non-native device regions 304 and 306 are exposed to impu-
rities to form source/drain regions 352 in native device region
304, which can correspond to source/drain regions 152 in
FIG. 1, and to form source/drain regions 354 in non-native
device region 306, which can correspond to source/drain
regions 154 in FIG. 1.

As shown in FIG. 3D, source/drain regions 352 and 354
can be formed by directing impurities along heading 350,
which can comprise a Y component along Y-axis, through
openings 330 and 332 in native device region 304 and through
openings 334 and 336 in non-native device region 306. In one
embodiment, source/drain regions 352 and 354 can comprise
LDD regions. The result of step 276 of flowchart 200 is
illustrated by structure 376 in FIG. 3D.

Additional process steps can be performed on structure 376
to form integrated native and non-native devices in respective
native and non-native device regions 304 and 306. Thus, an
integrated native device can be formed without halo implants
formed in its channel region. As such, the native device can be
formed with a threshold voltage near zero volts and without
threshold voltage roll-up, which can cause threshold voltage
to rise when the channel length is less than approximately 0.5
um, particularly in the range between approximately 0.05 um
and approximately 0.3 um, where conventional native devices
can have considerable voltage roll-up. Furthermore, an inte-
grated non-native device can be formed with halo regions in
its channel region, which can, for example, reduce short chan-
nel effects. Thus, an embodiment of the invention can provide
integrated native and non-native devices with desirable per-
formance characteristics, which can be maintained for short
channel lengths.

Also, as discussed above, in one embodiment, a mask can
comprise openings to form source/drain regions in both
native and non-native device regions. Furthermore, the mask
can form halo regions in the non-native device region. By
exposing native and non-native device regions to impurities
directed perpendicular to a non-native gate arrangement, the
impurities can be blocked in the native device region while
halo regions are formed through the mask openings in the
non-native device region. As such, a single mask can be
provided to form both source/drain regions and halo regions.
Thus, an embodiment of the invention can provide integrated
native and non-native devices in a highly integrated manufac-
turing process and at reduced cost.

From the above description of the invention it is manifest
that various techniques can be used for implementing the
concepts of the present invention without departing from its
scope. Moreover, while the invention has been described with
specific reference to certain embodiments, a person of ordi-
nary skill in the art would appreciate that changes can be
made in form and detail without departing from the spirit and
the scope of the invention. Thus, the described embodiments
are to be considered in all respects as illustrative and not
restrictive. It should also be understood that the invention is
not limited to the particular embodiments described herein
but is capable of many rearrangements, modifications, and
substitutions without departing from the scope of the inven-
tion.

The invention claimed is:

1. An integrated semiconductor structure comprising:

an arrangement of semiconductor devices formed over a
common substrate, said arrangement including
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native devices having respective channel regions of a
first length and a first width shorter than the first
length, the first length extending in a first direction,
and

non-native devices having respective channel regions of
a second length and a second width shorter than the
second length, the second length extending in a sec-
ond direction substantially perpendicular to the first
direction, the non-native devices having at least one
halo region, said native devices not having halo
regions and being separated from said non-native
devices by an intervening region,

wherein said arrangement prevents formation of halo

implants in the channel regions of said native devices

during halo implantation of said non-native devices.

2. The integrated semiconductor structure of claim 1,
wherein each of said non-native devices includes a well
region in which a channel region thereof and said at least one
halo region formed.

3. The integrated semiconductor structure of claim 2,
wherein said common substrate, said well region, and said at
least one halo region are of a first conductivity type.

4. The integrated semiconductor structure of claim 3,
wherein said first conductivity type is P type.

5. The integrated semiconductor structure of claim 1,
wherein each of said channel regions of said native devices
comprises a channel length of less than 0.5 micrometers.

6. The integrated semiconductor structure of claim 5,
wherein said channel length is between 0.05 micrometers and
0.3 micrometers.

7. An integrated semiconductor structure comprising:

an arrangement of semiconductor devices formed over a

common substrate, said arrangement including native
devices and non-native devices, wherein each of said
non-native devices includes a well region, a channel
region and at least one halo region formed in said well
region, and wherein said native devices do not have halo
regions and are separated from said non-native devices
by an intervening region, wherein

respective channel regions of the non-native devices hav-

ing a first length and a first width shorter than the first
length, the first length extending in a first direction, and
respective channel regions of the native devices having a
second length and a second width shorter than the sec-
ond length, the second length extending in a second
direction perpendicular to the first direction to prevent
formation of halo implants in channel regions of said
native devices during halo implantation of said non-
native devices.

8. The integrated semiconductor structure of claim 7,
wherein said common substrate, said well region, and said at
least one halo region are of a first conductivity type.

9. The integrated semiconductor structure of claim 8,
wherein said first conductivity type is P type.

10. The integrated semiconductor structure of claim 7,
wherein each of said channel regions of said native devices
comprises a channel length of less than 0.5 micrometers.

11. The integrated semiconductor structure of claim 10,
wherein said channel length is between 0.05 micrometers and
0.3 micrometers.

12. An integrated semiconductor structure comprising:

an arrangement of semiconductor devices formed over a

common substrate, said arrangement including

native devices having respective channel regions of a first

length and a first width shorter than the first length, the

first length extending in a first direction, and
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non-native devices having respective channel regions of a
second length and a second width shorter than the sec-
ond length, the second length extending in a second
direction that is substantially perpendicular to the first
direction, each of said non-native devices including a 5
respective one of the channel regions and at least one
halo region, said native devices not having halo regions
and being separated from said non-native devices by an
intervening region,

wherein said arrangement prevents formation of halo 10
implants in channel regions of said native devices during
halo implantation of said non-native devices.

13. The integrated semiconductor structure of claim 12,
wherein said common substrate and said at least one halo
region are of a first conductivity type. 15

14. The integrated semiconductor structure of claim 13,
wherein said first conductivity type is P type.

15. The integrated semiconductor structure of claim 12,
wherein each of said channel regions of said native devices
comprises a channel length of less than 0.5 micrometers. 20

16. The integrated semiconductor structure of claim 15,
wherein said channel length is between 0.05 micrometers and
0.3 micrometers.



